DENDRITIC CELL SUBSETS IN VIRAL DISSEMINATION
Over the last decade, enormous progress has been made in the global response to measles. MV-related mortality dropped from 871.000 to an estimated 164.000 deaths in 2008. Many countries have set MV elimination goals for 2020, but as the decline since 2010 has stagnated reaching these targets will be challenging 1, 2 . The current epidemic in the Netherlands among orthodox Protestants stresses the importance of high vaccination coverage and indicates Western challenges of immunization programs. Although the mortality rate in the Netherlands typically is low, 15% of the reported cases developed MV-related complications such as otitis, encephalitis or pneumonia 3 .
Regarding HIV/AIDS, the number of newly HIV-1 infected individuals has declined by 20% between 2001 and 2011 and an increasing number of people receive ART. However, with nearly 5% of the adults in Sub-Saharan Africa infected, there is need for novel therapeutic strategies 4 . Understanding the pathogenesis and initiation of infection can provide important knowledge for improvement or development of therapeutics. For both MV and HIV-1 infection, specific DC subsets and expression of CLRs influence infection. In particular DC-SIGN, which enhances DC infection of as well as viral transmission to lymphocytes, is an important factor in dissemination of both MV and HIV-1 [5] [6] [7] , as will be discussed below.
MV infection
For a long time, epithelial cells in the upper respiratory tract were considered to be initial target cells in MV infection 8 . Identification of CD150 9 and nectin-4 10, 11 as the entry receptors for wildtype MV changed this hypothesis. CD150 is expressed by lymphocytes, DCs and macrophage subsets 9, 12 , while nectin-4 is expressed on basolateral side of epithelial cells and associated with host-to-host transmission 13 . These findings shifted the emphasis of the initial targets for MV to DCs due to their location in the respiratory tract and their ability to transmit the virus to lymphocytes 6, 12 . To study MV pathogenesis, non-human primate models have proven to be very useful. Macaques are a natural host for MV and pathology upon infection in these animals resembles infection in humans 14 . Furthermore, macaque DC-SIGN is highly similar to its human homologue and this model therefore allows investigation of the function of DC-SIGN+ DCs in the course of infection 15 .
In macaques, MV infection initiates in the lungs, even after exposing the upper respiratory tract to a high dose of virus. The first clusters of infected cells are located in 134 BALT, indicating local replication (chapter 2). In humans, BALT structures sometimes are present in children and can be induced in pulmonary inflammation, but are rarely found in healthy adults 16 , thus this event in the early stage of infection might be specific for but they form a heterologous cell population and AMs, which together with DCs have also been designated as an initial target cell for MV in a murine model 20 , could make up a specific susceptible macrophage subset. The primary function of AMs is to maintain pulmonary homeostasis and, in contrast to DCs, they do not migrate to draining lymph nodes after activation 21 . Thus, AMs could contribute to local infection and inflammation, but it is not expected that these cells are important for viral dissemination.
Dissemination likely occurs via transfer of infected cells since MV spreads rather via cell-cell contact than cell free, and additionally MV can pass to neighbouring cells via the formation of syncytia 8, 22, 23 . Cell-to-cell spread is visible in the infection pattern in BALT, where clusters of infected can be seen after 3 days post infection (chapter 2), and is This is in particular due to expression of DC-SIGN, of which the function is exploited in multiple ways by the virus. Furthermore, DC-SIGN expression remains high in MV-infected cells (chapter 5), suggesting that MV is able to make optimal use of the receptor to promote its dissemination.
HIV-1 infection
In contrast to MV infection, the majority of HIV-1 infections occurs via sexual transmission 4 .
The female genital mucosa as well as the rectal mucosa and foreskin contain innate immune It is not known whether DC-SIGN signaling similar to MV suppresses antiviral responses.
In contrast to respiratory infection by MV, different DC subsets are involved in sexual transmission. In particular LCs are important and due to their localization in the epithelium these cells are the first to encounter HIV-1 and therefore regarded as "primary gatekeepers" 40 .
Infected mucosal LCs have been identified as early target cells in foreskin and vagina 27, 28 .
The role of LCs in initiation of infection and transmission to lymphocytes is very different
from DCs and is mainly determined by the maturation or activation status of the LCs. Recently, a role for CLRs in type I IFN responses has emerged. CLR signaling has proven to be important to evoke pathogen-specific immune responses and this is largely influenced by crosstalk between CLRs, such as DC-SIGN and dectin-1, and other PRRs [68] [69] [70] [71] . Concerning the mechanism by which CLRs affect cytokine responses and subsequent T helper cell polarization, two types of CLRs can be distinguished: the modulatory CLRs and the inducer CLRs. This distinction is made on their ability to directly activate NF-κB and induce cytokine transcription (such as dectin-1) or affect TLR-mediated NF-κB (such as DC-SIGN) 72, 73 . Notably, also with regard to induction/modulation of type I IFN, this division seems to hold true: dectin-1 triggering on DCs induces type I IFN via IRF5 in response to C. albicans mansoni 69, 75 . The second crucial factor for the outcome of DC-SIGN signaling is the parallel activation of specific TLRs or RLRs, which can either occur as the result of multiple PAMPs on 
Activation of adaptive immunity
MV causes an acute infection; usually the virus is cleared within 3 weeks post infection.
Moreover, infection leads to lifelong protection, indicating a very efficient MV-specific immune response. However, at the same time MV infection causes a strong immune suppression in the host, which can last for weeks or months after the clinical symptoms have disappeared. This phenomenon, also called 'the measles paradox', is probably the result of high CD150 expression of memory T cells and follicular B cells, which makes these cells highly susceptible to infection. The preference of MV to infect these lymphocytes explains the simultaneous lymphopenia and strong MV-specific CD8+ T cell responses 12, 87 .
As described in the previous section, DCs migrate to the lymph nodes soon after MV infection (chapter 2) and they present MV antigens to CD4+ T cells, which is promoted by uptake via DC-SIGN 6 . In order to obtain efficient T and B cell responses, appropriate cues from DCs are required consisting of antigen presentation, costimulation and cytokine production. However, despite the fact that MV-specific responses are efficient, there are multiple reports indicating that MV impairs DC function and it is therefore assumed that this contribute to MV-induced immune suppression 88 . DC maturation following MV 
